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_(57)Abstract: 

PROBLEM TO BE SOLVED: To attain an excellent high-speed current-limiting shutdown performance at a low 
cost by opening a vacuum switch with a trip signal outputted from an overload detector before a vacuum circuit 
breaker does. 

SOLUTION: This device is provided with an overcurrent disconnect switch (OCRH) 18 which detects overcurrent 
in a feeder circuit from a generator 3 to a load through a CT and outputs a trip signal(TS). If a short circuit accident 
occurs, the OCR-H 18 detects the short circuit accident after approx. 10ms to output the TS. Transistors 23, 25 
receive the TS for continuity, a photodiode 24 emits light and an auxiliary relay 26 is energized. The light emission 
of the photodiode 24 is sent to the gate of a thyristor 21b through an optical fiber 27, so that the thyristor 21b 
undergoes continuity, a trip coil(TC) 19 is biased to open a vacuum switch(VS) 17. Short circuit current flowing 
through the VS 17 is suppressed to rated current In by a current-limiting impedance 15. It is thus possible to attain a 
shutdown device which is excellent in high- speed shutdown performance at a low cost. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the high-speed ** style interrupting device 
for gas turbines. 



PRIOR ART 



[Description of the Prior Art] Conventionally, the system which drives a generator with a gas turbine and is 
generated is known. Drawing 8 is the schematic diagram of such a power generation system, and the reducer with 
which 1 slows down a gas turbine and 2 slows down the rotational frequency of the output shaft of a gas turbine 1, 
the generator which drives 3 with a gas turbine 1, the vacuum circuit breaker (VCB) by which 4 was connected to 
the output side of a generator 1, and 5 are the share pins attached in the output shaft of a gas turbine 1. 
[0003] When accident etc. is in the system side which carries out link operation with this system, the excessive 
torque of several times or more of the rating torque starts the output shaft of a gas turbine 1, since on-the-strength 
rating of the output shaft of the gas turbine 1 which carries out high-speed rotation is small for example, and the 
share pin 5 attached in the output shaft goes out, the policy which releases an output shaft from a load and protects a 
gas turbine 1 is taken. 

[0004] However, once the share pin 5 goes out, a rehabilitation work may take several hours, and a gas turbine 
cannot be used in the meantime, but demand over may be produced. Therefore, when the situation where excessive 
torque starts a gas turbine occurred, an interrupting device which detects it in an instant and intercepts a generator 
was called for. 



TECHNICAL PROBLEM" 



[Problemfs) to be Solved by the Invention f Drawmg 9 shows an example of such an interrupting device, detects the 
overload applied to a gas turbine 1 with the overload detection equipments 6, such as an overcurrent relay (OCR-H) 
or an undervoltage relay (UVR), takes out a trip signal, and intercepts a vacuum circuit breaker (VCB) 4 electrically. 
Since it is 3 cycle (it is 60ms at 50HZ) grade, after detecting an overload before interception is completed, about 
100ms or more is required for the interrupting time by VCB4. Therefore, when an overload is applied to the output 



shaft of a gas turbine 1 in case of accident, interception may not meet the deadline but the share pin 5 may go out. In 
drawing 9 , the source-power-supply system in which 10 is carrying out link operation with the generator 3, and 1 1 
are transformers. 

[0006] Drawing 10 is other examples of the conventional interrupting device which used the solid state switch 7 
with a still quicker speed of response from VCB4. The same reference number as drawing 9 in drawing shows the 
same component. 

[0007] The interception performance when making rated output of a generator to 5,000kVA(s), and making a 
subtransient reactance Xd into 1 5% as an example, is shown in drawing 1 1 . The case of only VCB4 carried out and 
the case of a solid state switch 7 are shown as B and C, respectively, as shown in drawing, the interrupting time by 
the solid state switch 7 is 20 or less ms, and is considerable compared with interception by VCB4 - although it is 
quick, a price is high, for example, if it becomes the solid state switch used for a power generation facility of several 
MW (megger watt) class, a price will change to 20 million yen or more 

[0008] this invention was made in view of the above-mentioned point, and aims at offering the cheap high-speed ** 
style interrupting device for gas turbine protection. 



MEANS " " 

[Means for Solving the Problem] this invention is set inlm^m^e7inl^^^ 

The ** style impedance and vacuum circuit breaker which were connected to the load feeder circuit of the generator 
driven with a gas turbine in series, The overload detector which detects the vacuum switch connected to a****** 
style impedance and parallel, and the load current which flows the aforementioned load feeder circuit, and outputs a 
trip signal when the detected load current exceeds a predetermined value, The control circuit which opens the 
aforementioned vacuum switch ahead of the aforementioned vacuum circuit breaker with the aforementioned trip 
signal constituted the high-speed ** style interrupting device for gas turbines. 

[0010] An overload detector is an overcurrent relay preferably and its thing of form which carries out full wave 
rectification of the load current, carries out direct-current approximation and detects an overload is desirable. 
[001 1] A ** style impedance is a current-limiting resistor or current-limiting-reactor NSU, and can be cheaply 
manufactured by winding resin insulated wire around a bobbin. 
[0012] 

[Embodiments of the Invention] this invention is explained based on a drawing below. 

[0013] Drawing 1 is an electrical circuit which shows the gestalt of 1 operation of the high-speed ** style 

interrupting device by this invention. The same reference number as drawing 9 in drawing shows the same 

component. 

[0014] a generator - three - VCB -- four - between resistance - or a reactor - constituting - having had — ** 

— a style — an impedance - 15 - in-series - connecting - having - while - this ~ ** — a style — an impedance — 
15 -- parallel - a generator - three -- a short circuit - the time - protection -**--******- power ~ a fuse - 16 - 

- a vacuum switch - (-- VS --) - 17 - in-series - connecting - having -****. 18 is an overcurrent relay (OCR-H) 
which detects the overcurrent of the feeder circuit from a generator 3 to a load through CT, and outputs the trip 
signal TS, and the trip coil (TC) to which 19 opens and closes VS17, and 20 are trip coils (TC) which open and close 
VCB4. It connects with diode 21a and thyristor 21b which were connected to the parallel retrose in series, and TCI 9 
is connected between DC power supplies pn. Moreover, it connects with a contact 22 in series, and TC20 is 
connected between DC power supplies pn. 

[0015] On the other hand, a photodiode 24 is connected with a transistor 23 in series, both are connected between 
DC power supplies pn, an auxiliary relay 26 is connected with a transistor 25 in series, it connects between DC 
power supplies pn too, and the gate of transistors 23 and 25 is connected with the output terminal of OCR-H 1 8. The 
gate of thyristor 21b is connected with the photodiode 24 by the optical fiber 27. OCR-H18 is known from the 
former and is the thing of the form which outputs the trip signal TS for the value acquired by the square operation of 
the peak value of an input signal, or digital processing of an absolute value as compared with a predetermined value 
when larger than a predetermined value. 

[0016] The control circuit (the chain line surrounds and shows drawing 1 ) which opens and closes VS17 and VCB4 
by the predetermined sequence with the trip signal TS from OCR-H 18 is constituted by trip coils 19 and 20, diode 
21a, thyristor 21b, a contact 22, transistors 23 and 25, a photodiode 24, and the auxiliary relay 26. 
[0017] Now, if 5,000kVA(s) and subtransient-reactance Xd" are now made into 15% for the output of a generator 3, 
the rated current In and a short-circuit current Is will become like the following several 1 and several 2. 



I n = 5 , 0 0 0 kVA/6, 6 k V x J~3 = 4 3 7 A 



[0018] 
[Equation 1] 




[0019] 

[Equation 2] A dashed line comes to show the short-circuit current in case of the short circuit accident in 
Is=437A/15%=2,913A, therefore a near edge to drawing 2 . In drawing 2 , supposing short circuit accident occurs in 
tO (t= 0), after the about 10ms, OCR-H18 will detect short circuit accident, and will output the trip signal TS (time 
tl). Transistors 23 and 25 flow in response to this trip signal TS, and while a photodiode 24 emits light, an auxiliary 
relay 26 is energized. Luminescence of a photodiode 24 is sent to the gate of thyristor 21b through an optical fiber 
27, and, thereby, thyristor 21b flows through it. If thyristor 21b flows, since TC (trip coil) 19 will be energized, VS17 
opens (time t2). The duration from the occurrence of accident to opening of VS17 is about 15ms. If VS17 opens, the 
short-circuit current which was flowing VS17 will be stopped by even the rated current In with the ** style 
impedance 15. 

[0020] On the other hand, if it is energized by the auxiliary relay 26 and a contact 22 closes, TC (trip coil)20 will be 
energized and VCB4 will open (time t3). Opening of VCB4 is about 95ms from opening of VS17. Thereby, the 
feeder circuit from a generator 3 to a load is intercepted completely. Change of the above current value was shown 
as A all over drawing. 

[0021] When a solid state switch is used as compared with the case of the high-speed barrier property C by the 
conventional solid state switch shown in drawing 1 1 so that clearly, although the full interception after a short circuit 
accident occurrence requires about 20ms, in the case of this invention, it is carried out in the high-speed interception 
using the solid state switch, and time within of the same grade until it carries out the ** style of the short-circuit 
current to the rated current. 

[0022] Next, the overcurrent relay (OCR-H) used in this invention is explained. 

[0023] As OCR-H18 of the high-speed ** style interrupting device by this invention shown in drawing 1 , the thing 
of the circuitry shown in drawing 3 and drawing 4 can demonstrate the further excellent high-speed interception 
performance. 

[0024] High-speed overcurrent-relay OCR-H 18a shown in drawing 3 is what used two CTs, and is called 2CT 
methods. The load current is detected through CT from two phases R and T among the three-phase-circuit feeders R, 
S, and T which are the feeder circuits to a load, the full wave rectifier circuit 30 which consisted of six diodes 
rectifies, and it changes into voltage V by resistance 3 1 . This voltage V is set to a comparator circuit 32, and it is 
reference voltage V0. It compares and V is V0. When large, the trip signal TS is outputted. If this OCR-H 18a is 
used, since the trip signal TS can be generated in about 1ms after the occurrence of short circuit accident, if 
compared with about 10ms at the time of using the overcurrent relay of conventional circuitry, the trip signal TS can 
be outputted in a short time of abbreviation 1/5, and only the part can open VS17 quickly. 

[0025] Another high-speed overcurrent-relay OCR-H 18b shown in drawing 4 is what used three CTs, and is called 
3CT methods. This OCR-H 18b detects the load current through CT from each phase of the three-phase-circuit 
feeders R, S, and T to a load. The full wave rectifier circuit 30 which consisted of six diodes too rectifies. It changes 



into voltage V by resistance 3 1 , this voltage V is set to a comparator circuit 32, and it is reference voltage VO. It 
compares and V is VO. Although it is the same as OCR-H18a of drawing 3 in the point which outputs the trip signal 
TS when large A different point is the composition of having connected resistance 33 to the preceding paragraph of 
a full wave rectifier circuit 30. This resistance 33 can be replaced with other measuring instruments etc., and its 
versatility on use increases. 

[0026] The high-speed interception performance at the time of using this OCR-H18b is the same as the case of 
drawing 3 . The interception performance at the time of using OCR-H18a of drawing 3 or OCR-H18b of drawing 4 
was shown in drawing 5 . By VS17 opening after that for 1 to 2ms by the trip signal TS coming out from the 
occurrence (tO) of short circuit accident (tl) (t2), since it is about 5ms, it can be called 6 - 7ms after the occurrence 
of accident, and can reach to an extreme, and VS17 can open wide in a short time, and a short-circuit current can be 
held down even to a rated current value with the ** style impedance 15. 

[0027] By the way, although a current-limiting resistor or a current-limiting reactor is used for the ** style 

impedance 15 in this invention, the example is explained below. That by which the current which flows in case of 

short circuit accident is suppressed to the rated current as a value of a ** style impedance is used. 

[0028] First, as a current-limiting resistor, if the output of a generator is set to 5,000kVA(s), several 3 will ask for 

the impedance x which a current-limiting resistor is made to take charge of. 

[0029] 

[Equation 3] When a current-limiting resistor is manufactured using 600V polyethylene insulated wire (the cross 
section is 2 2mm) x=(6.6xl03) 2 / (5,000) now [ 2 = 8.7ohm ], Since 9.4ohms /and an outer diameter km are [ 
3.4mm and standard length ] 300m, resistance this quality of the material One step winds 15 steps around the bobbin 
41 made from heat-resistant plastics (the diameter of 300mm, 70mm of drum length) as shows 300m of this electric 
wire 40 to drawing 6 (a) by 20 volumes, it connects with a three-piece serial and this bobbin 41 is considered as a 
part for one phase, as shown in drawing 6 (b). The size of each part came to be shown all over drawing. 
Consequently, it is obtained, the current-limiting resistor, i.e., the ** style impedance, whose resistance for one 
phase is 9.4ohmx0.9km=8.46ohm. 

[0030] Next, a current-limiting reactor shall be manufactured using the same electric wire, as a design objective ~ 1= 
1.5m of average magnetic-path length, and relative permeability mu ~ S = 1.0 (air core), N= 2000 coil number of 
turns, and the S= 10 to 2 m reactor cross section 2 ** - if it carries out, the reactance L of a reactor will be searched 
for by the following several 4 
[0031] 

[Equation 4] L=mu N2 S/l=4pixl 0-7x1 .0x(2000)2 xlO-2/- it can ask for the ** style impedance x by several 5 from 
this reactance L 1.5= 33.5 mH 
[0032] 
[Equation 5] 

X=omega L=2pifL=10.52ohm (f is 50HZ(s)) 

Now, if 25 steps of polyethylene insulated wire 50 of proof-pressure 600V mentioned above in the bobbin 51 made 
from heat-resistant plastics of a configuration as shown in drawing 7 (a) is wound by 14 per step, the coil number of 
turns per one bobbin will become 14x25=350 volume. Thus, six of the bobbin 51 which wound insulated wire are 
arranged so that the core part may become annular, and it connects so that the coil (coil) of each bobbin 51 may 
become in-series. Thus, when the diameter of the magnetic path of the constituted current-limiting reactor is set to 
1 12mm, the cross section S of a magnetic path is pi (50mmxl0-3)**10 to 2 m2. Becoming, total No. of coils N 
becomes 350 volume x6=2100 volume. Consequently, the reactance L of a current-limiting reactor can be searched 
for by several 6. 
[0033] 

[Equation 6] If it asks for a ** style impedance from this reactance L 1.5= 36.9 mH, it will be set to 1 1.6 ohms and 
L=mu N2 S/l=4pixl0-7xlx(2 100)2 xlO-2 / impedance having exceeded 10.52 ohms of a design value a little will be 
obtained. 

[0034] Since the total extension of the coil 50 of this current-limiting reactor is set to 1 12 mmxpi x350x6=738m, the 
resistance R of a coil 50 is set to 0.738kmx9.4ohm/km=6.9ohm. Therefore, it can ask for the synthetic impedance Z 
by the reactance L searched for previously and this resistance R by several 7. 
[0035] 
[Equation 7] 



Z = J ( 1 1 . 6) 2 + (6. 9) 2 =13. 5 Q 



a 



Since this value is larger than 8.7 ohms which is a ** style impedance required for the generator of 5>000KVA(s) for 
which it asked by several 3 enough, a big ** style effect is expectable. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, the interrupting device which was 
excellent in the high-speed interception performance, without using an expensive solid state switch can be 
manufactured. Consequently, probability that the share pin of a gas turbine will go out can be made small compared 
with the former. As an overload detector for detecting especially an overload state, a three-phase-circuit full wave 
rectifier is adopted, and if the high-speed overcurrent relay which detected the overload by direct-current 
approximation is used, the further excellent high-speed interception performance will be obtained. Moreover, the 
whole high-speed ** style interrupting device can manufacture conjointly cheaply the ** style impedance used by 
this invention with the ability to manufacture cheaply by resin insulated wire. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high-speed ** style interrupting device for gas turbines characterized by providing the following. The 
** style impedance and vacuum circuit breaker which were connected to the load feeder circuit of the generator 
driven with a gas turbine in series. The vacuum switch connected to a****** style impedance and parallel. The 
overload detector which detects the load current which flows the aforementioned load feeder circuit, and outputs a 
trip signal when the detected load current exceeds a predetermined value. The control circuit which opens the 
aforementioned vacuum switch ahead of the aforementioned vacuum circuit breaker with the aforementioned trip 
signal. 

[Claim 2] The high-speed ** style interrupting device for gas turbines according to claim 1 whose aforementioned 
overload detector is an overcurrent relay. 

[Claim 3] The high-speed ** style interrupting device for gas turbines according to claim 1 whose aforementioned 
overload detector is an undervoltage relay. 

[Claim 4] The high-speed ** style interrupting device for gas turbines given in any 1 term of the claim 1 which a 

****** style impedance becomes mainly from a current-limiting resistor, or the 3rd term. 

[Claim 5] The high-speed ** style interrupting device for gas turbines given in any 1 term of the claim 1 which a 



****** style impedance becomes mainly from a current-limiting reactor, or the 3rd term. 

[Claim 6] The high-speed ** style interrupting device for gas turbines given in the claim 1 which is the high-speed 
overload detector or any 1 term of 5 characterized by providing the following. The full wave rectifier to which the 
aforementioned overload detector carries out full wave rectification of the load current detected about a part for two 
phases of a three-phase-circuit load feeder circuit, or a three phase circuit. The comparator circuit which outputs a 
trip signal as compared with a predetermined value when larger than this predetermined value after transforming 
into voltage the average current value obtained by full wave rectification. 

[Claim 7] the high-speed ** style interrupting device for gas turbines according to claim 4 to which the insulated 
wire of two or more bobbins was connected in series since one or more [ the bobbin with which the aforementioned 
current-limiting resistor carried out number-of-times winding of predetermined of the insulated wire ] 
[Claim 8] The high-speed ** style interrupting device for gas turbines according to claim 5 characterized by having 
arranged and become so that the core part of a bobbin might become annular about the plurality of the bobbin with 
which the aforementioned current-limiting reactor carried out number-of-times winding of predetermined of the 
insulated wire, and connecting the insulated wire of two or more bobbins in series. 
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[0 0 2 0] «»yi/-2 6fc:J:*)W»**ittf 
jjS2 2*Wt4i;, TC (h'JyrrM^) 2 0* { tt§? 
§flTVCB4A^< (B» 3 ) . VS17tf>BMfc&> 
f,VCB4(50raS(*t1i*«>9 5msT*J>l>. <Iilt<fc 9 

^««3*^ft^^«[i]s§(i^t3gai}§^i.. tt 



V**. t^TC2 0ii^2 2ktt?iJt«g!§fL. itS 
[0015]- 3k b?>'> ; X?2 3t[I?iJt7*h:?' 

4 *- h 2 4 *i , m%im%%M p n ratti^ 
stu b 7 y y*x ? 2 5 b m\izm vu-26 t>mm 

Stu ^MiOSSEKHpnlSItftRSii. h^y^x? 
2 3. 2 5<oy-h«OCR-H18<oai**ffFf:«a 

-Y2Ab]t7T4rt21X'®M%iXX^&. OCR- 
H 1 8ttfl!*a»£»£*iT*J 9 . A7J<t^>*SK!tf>2 

[00 16] OCR-H18*^Ohy-/Tfi-tTSt 
J: 0 VS 1 7 b VC B 4 ZfftlZVs-YVXXmmth 

fsmm (Hi tfe^TiMTH^^t) (4, h y 7 

7^;H9, 20. r-ft-F2 1a, ?>ryx?2 
lb»ftjS22. h5yy'X^23. 25. 7*hy>f 

t- H24, mft'JU-2 6t«l:0flt«S<i6. 
[00 17] V^I6«a3(?Dai7J&5, 0 00k 

va, wjjijgyr^^yxxd" zi5%btlt. 

coiat^rl). 
[0018] 
[»13 

6kVx7~3=43 7A 

[ 0 0 2 1 ] 01 1 t*Lfc«*^N»ftX>f vf-tj: 

hnmmw&c<n>%%bimLx?>-ht*jibfrti:s.o 

[0022] ^t*^BfltfcV^Tfflv^3g«cfJ8«S 
(OCR-H) to^TKIBt*. 
[ 0 0 2 3 ] 0 1 1* Lfc*3S«Bt J: SSaiiBsSMj 
MOOCR-H 1 8t LT. 03*3<J:t£04t7KtII]S& 

[0024] 03 tjptSBCWaBBSSO C R - H 1 
8att2ffl<^)CTS:JB^fct><?)-C. 2CTJSk"Wf#l 
6. tS^^«WT*l.3ffi^«l|R, S, TOd 
■£2fflRfcT*>fcCT£tfLTllffir*a*1ftaiU 6ffl 
cor-f t- HTfllfifc* ix^^S^HISS 3 0 t«k OSBiE 

u aajt3 ltiowEvtsants. -co«Ev$:j:b 

«@S&3 2tfcUTa*mffV 0 kib^L. V^V, i 
R - H 1 8 a £ffiV tfUf . S^Vfe^fMj lmsTb 

y »/TmTst:m.thzbi) i x'%h<r>x\ ®&<r>® 
mm^mmimmm^z^m i o m s tit^ 
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[ o o 2 5 ] a4 o -^mmmfimmMo 

CR-H18bti31<0CT£Jf]lr^i<9T\ 3CT^ 
fttmitlh, icOOCR-H18b(±. t^^)3ffl 

fu i . o 6 ior 4 h tunas ixtzmmm 

K3 Ofc«fc 9BSJU ffiK3 1 ti 9«EVfcS«L, 
i««Evfttti[i3ll3 2ttJvvr«t«Ev, kjas 

■f*jSifc:*5V^El3<OOCR-Hl 8ai:HfCJb* 
Hft^i. ^SHKKB»3'0^iJgfc:fif)|;3 3& 
L fcflWTft 5 . Z. <0ffifit 3 3 liffiUOtlttSSr k' k 

[00 2 6] £flOCR-H18b«rfl!VVfc*£0)i*a[ 
iBBHtffittia3<0*&fcHfC*.i. 03OOCR-H 
1 8 a 4fc{404 CDOCR-H 18b tM^tM^L 
KttK*H5(C*Ui. (t 0 ) HJ 

■y7WTSjWH* (t, ) *-CtCl~2ms, *<9» 
VS17*«tS (t 2 ) 4"Cfc5msggT*Sa> 

<9 . mm&8t 6 ~ 7 m s t v * o mxmm-v s 1 

7 : #«U RSH y t-^>X 1 5fci 9«»*«£ 
jaStSMfc*?*!!*. 4 i k h . 
[ 0 0 2 7 } k i $"C*JMUfc**»t*|RaM 

nmt ixn. mmtmizwdiimm^mmx' 

[0028] atRRaagfiifc lt. fct xtffsmoaj 
tj£ 5 , oook vAits k . wmmzziffitt 

[0029] 

[$3 3 x= (6. 6X1 0 3 ) 2 /(5, 0 00) 2 
= 8. 7Q 

V^i6 0 0V^yxf-Uy|ftttWR (ffiiIS^2mm 

ff#9 . 4 fi/K m . *M£# 3 . 4 mm, * { 3 

00mX'$>l<7)X\ <Ic7)i384 0<7)3 0 0m£ll6 
(a) lz*tXo%tim7y*1-'ymXV> (g{S3 
0 0mm. JHS 7 Oram) 4 lfclgb&<2 0$?1 5& 
i«/-Kh'>4 I5rll6 (b) fcrjjrfj; o lc 3 ilE 

z=y (ii. 6) 



i^fcft*. r' /mmm. 4qx 

0. 9Km = 8. 4 6 arihftSHftfitt &fr*>RKeU 
[0030] *fcRttil*fflvvcBI8y7* Wl^l! 

1. 5m. Jti§B»/i S =1.0 . 3>OWgR 

n=2oooihl ';r^h;prass=i o- 2 m 2 kt 

[0031] 

[$4] L = ,uN 2 S/l = 4ttX1 0- ? x 1. 0X 
(2000 ) 2 X 1 0V1. 5 = 33. 5mH 

z. co r 9 9 y x Lfr t>mtf y v-yyx xtt» 5 ? 

[0032] 

x = <wL=2^f L=10. 52Q(ftl50H z ) 
ST, H7 (a) lz*-t£ O KBttcOffifrTyZl-v? 
M#t'y5 lCfraL.^WE6 0 0VO^'jxf-uyffi 

MrtH85 0*iaSfe l )143j5r2 5SSEI^6k. 1 
^hVSfc 9^)3^^^114X2 5 = 3 5 0^k& 
4. £^J:$fcf^tt£^U:*t>5 l<7)6ffl£ 

HO^) tfm&thkoiizffltth. ZVkoiz 

n&ztikxmvr? vjvvw&mm 1 1 2mmt 
tit. ms&mmmste (sommxio-'i ^r^i 

0- 2 m 2 fcfcO, 8*HftNli350$X6 = 2 100£ 

m$M7?Y)iw)T??yxut 

WbX^hZ.lifX^h. 
[0033] 

[jft6] L = a«N 2 S/l=4^xi0" 7 xix (21 
00) 2 XI 0" 2 /l . 5 = 36. 9mH 

zmru yxLfrvmiA > v-?yx 

k. 11. 6Qk^9. IMtfi^l 0. 52Q5r^>± 

igofc'f y v—yyztf'&btiz . 

[ 0 0 3 4 ] £ Oftft 'J 7 ^ h ^<0«« 5 0 <0£9£M: 
1 1 2mmX 7 rX3 5 0x6 = 7 38mk ; 5:l)<0T% « 
H5 0(7)ffifiifIR{i0. 738KmX9. 4Q/Km= 
6. 9Qk&£. t^* { o-C$t^*6^U7^^yXL 
k cojfi^Rk tc J: llriM y i>zX 
*)%#>Z>ZttfX'%Z. 
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zcoffizmx-Xfrt: 5,00 okva^W;^ 
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t'y<vi,x7Vyffl)ti&vm*m%lzitKx>bZ < t 
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[04 ] *miz£&tfx?-t'ymmmmim\8im 
xm^mm&m$mm%nm i^zmmozsn 

[05 1 *mtzx&m i^mmmmmmm^ 

[06 ] ( a ) H*^,mzX t'yJHSBSRBSi 
MSRfB >- * S ffi&L? h X t* yco-flJ £ * 

U ( b ) W:,rtf)*t>£J: OffilSSit^RRsfiSK^il 
H0T&6. 

[07 ] ( a ) li*fft^fc J: 

W*S*U ( b ) {iMCDHSUT? h^HC*J(t*#ty 

[08] #X?-try£g^aSfc*SI6tt5'*TAtf># 
#t&0T'&l>, 



[09 j ft*m'x?-t">mmmmmm<7)-mm 

[0ioj fiaw^^-tyfflwasaiBasjfcofflwffi 
<7)%&dmx'foh. 

[011] flaW)^x^-h*yfflM«»«lt^aB(tt 
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4 3KEatBr«(VCB) 

5 yiTty 

1 5 RUSH y f-^yx 
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18 (33) ftlgSftHtfg 
19, 2 0 bUyrrM/l- 

2 1b ■If'fijX^ 
2 2 ftA 

2 3, 2 5 h^yy'X? 
24 7*h^:*-F 
2 6 ffiK'Jl^- 

2 7 #7r4A'- 

3 0 £»&3KHtt 
3 1 &£t 

3 2 it^IUSS 

4 0, 5 0 tft'y 

4 1, 5 1 *yx?-uy»e»*« 
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